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WUDQVSRUWDWLRQ DJHQFLHV DQG SURIHVVLRQDOV UHVXOWLQJ LQ OHJDF\ GDWDEDVHV ZKLFK DUH QRW EHLQJ XSGDWHG IUHTXHQWO\
5HFHQWO\WKHUHKDVEHHQDWUHPHQGRXVSUROLIHUDWLRQDQGDGYDQFHPHQWLQPRELOHGHYLFHVLQFOXGLQJPRELOHSKRQHVDQG
WDEOHWV ZLWK *OREDO 3RVLWLRQLQJ 6\VWHP *36 VHQVRUV DFFHOHURPHWHUV DQG FDPHUDV  6XFK GHYLFHV SUHVHQW DQ
RSSRUWXQLW\WRGHYHORSWRROVDQGDSSOLFDWLRQVOHYHUDJLQJWKHLUDGYDQFHFDSDELOLWLHVWRKHOSDGGUHVVLVVXHVUHODWHGWR
WUDQVSRUWDWLRQDVVHWPDQDJHPHQW
2EMHFWLYHV
7KHREMHFWLYHRIWKLVUHVHDUFKZDVWRGHYHORSDFRPSUHKHQVLYHV\VWHPRIPRELOHEDVHGDSSOLFDWLRQVDQGDVVRFLDWHG
EDFNHQGV\VWHPIRU WUDQVSRUWDWLRQDVVHWPDQDJHPHQWDQGGDWDFROOHFWLRQ 7KH7UDQVSRUWDWLRQ$VVHW0DQDJHPHQW
6\VWHP7$06ZDVGHYHORSHGDVPXOWLSODWIRUPDVVHWPDQDJHPHQWWRROGHVLJQHGWRFROOHFWDQGPDQDJHWKHORFDWLRQ
DQGDWWULEXWHVRIWUDQVSRUWDWLRQDQGDVVRFLDWHGJHRJUDSKLFDOIHDWXUHVDQGDWWULEXWHVHJURDGVLJQVEULGJHVORFDWLRQ
RIKRUL]RQWDOFXUYHVHWFLQWKHILHOG6SHFLILFVWDVNVUHODWHGWRWKHREMHFWLYHVDUHSUHVHQWHGDVIROORZV
$ 'HYHORSDPXOWLSODWIRUPIURQWHQGV\VWHPPRELOHDSSOLFDWLRQIRU$QGURLGDQGL26SODWIRUPV
% 'HYHORSDEDFNHQGV\VWHPIRUGDWDFROOHFWLRQPDQDJHPHQWV\QFKURQL]DWLRQ
& 'HYHORSDV\VWHPWREHXVHGE\PXOWLSOHXVHUVVLPXOWDQHRXVO\
' 'HYHORSDIOH[LEOHGDWDEDVHVFKHPDZKLFKFRXOGEHWDLORUHGIRUGLIIHUHQWGDWDFROOHFWLRQVFHQDULRV
( ,QWHJUDWHGDWDH[SRUWFDSDELOLWLHVIRUXVHZLWKDGGLWLRQDOVRIWZDUHRXWVLGHRI7$06
) 7HVWDQGHYDOXDWHWKHVWDELOLW\DQGFDSDELOLWLHVRI7$06
7$06RYHUYLHZ
7$06XWLOL]HVLWVRZQPRELOHDSSVIURQWHQGV\VWHPDQGZHEDSSEDFNHQGV\VWHPWRLQWHUIDFHZLWKWKHXVHU
SURYLGLQJDVWUHDPOLQHGDQGHIILFLHQWPHWKRGRIGDWDFROOHFWLRQDQGPDQDJHPHQWFRQGXFWHGE\DVLQJOHRUPXOWLSOH
XVHUV  7KHPRELOH DSSVZHUH GHYHORSHG WRZRUN LQGHSHQGHQWO\ IURP WKH UHPRWH VHUYHU ZKLOH WKHZHE DSSZDV
GHYHORSHGWRZRUNGLUHFWO\ZLWKLW
7$06IURQWHQGV\VWHPZDVGHVLJQHGWRORJJHRJUDSKLFDOIHDWXUHVUHSUHVHQWLQJWUDQVSRUWDWLRQDVVHWVWKURXJKIRXU
W\SHVRIREMHFWV3RLQWV/LQHV3RO\OLQHVDQG3RO\JRQV7KHVHIRXUREMHFWVFDQUHSUHVHQWDPXOWLWXGHRIWUDQVSRUWDWLRQ
DVVHWV LQ WKH ILHOG HJ VLJQVDVSRLQWREMHFWVEULGJHVDV OLQHVDQGSRO\OLQHV DQGSDUNLQJ ORWV DVSRO\JRQREMHFWV
)XUWKHUPRUH7$06ZDVGHVLJQHGWRFRPSOHPHQWWKHWUDQVSRUWDWLRQDVVHWVVSDWLDOGDWDZLWKDGGLWLRQDODWWULEXWHVLQ
WKHIRUPRIWH[WSKRWRJUDSKVDXGLRUHFRUGLQJVHWF7$06SURYLGHVXVHUVWKHIOH[LELOLW\WRGHVLJQDQGFROOHFWGDWDVHWV
LQWKHILHOGWDLORUHGWRVSHFLILFUHTXLUHPHQWV7KHEDFNHQGV\VWHPRI7$06ZDVGHVLJQHGWRDOORZIRUPXOWLSOHXVHUV
WRVLPXOWDQHRXVO\FROOHFWGDWDZKLFKFRXOGEHV\QFKURQL]HGVHDPOHVVO\DQGHYHQWXDOO\H[SRUWHGLQPXOWLSOHIRUPDWVWR
EHXVHGRXWVLGHRI7$06
7$06GHYHORSPHQWDUFKLWHFWXUHDQGIXQFWLRQV
7KHIROORZLQJVHFWLRQVGHVFULEHWKH7$06GHYHORSPHQWSURFHVVVWUXFWXUHFRPSRQHQWVDQGVDOLHQWIHDWXUHV LQ
GHWDLO
4.1 Development Process 
7$06XQGHUZHQWDQXPEHURILWHUDWLRQVWKURXJKLWVGHYHORSPHQWSURFHVVHQFRPSDVVLQJDQXPEHURIWHFKQRORJLHV
EHIRUHHYROYLQJLQWRDFRPSUHKHQVLYHDVVHWPDQDJHPHQWV\VWHP%HKIRURR]>@%RRFK>@5XEOH>@6FKQHLGHU
>@ 7KH VSHFLILFPRGHO XVHGE\ WKHGHYHORSPHQW WHDP LV FDOOHG WKH$JLOH0HWKRGRORJ\ &ROOLHU  $JLOH
PHWKRGRORJ\LVDQDOWHUQDWLYHWRWUDGLWLRQDOSURMHFWPDQDJHPHQWLQVRIWZDUHGHYHORSPHQWZKLFKKHOSVWHDPVUHVSRQG
WRXQSUHGLFWDELOLW\WKURXJKLQFUHPHQWDOLWHUDWLYHZRUNFDGHQFHVNQRZQDVVSULQWV
-DYDZDV WKHSULPDU\ ODQJXDJHXVHG IRU WKHGHYHORSPHQWRI WKH$QGURLGSODWIRUP )RU WKH L26SODWIRUP WZR
VRIWZDUHODQJXDJHV2EMHFWLYH&DQG6ZLIWZHUHXVHGWRFUHDWHWKHDSSIRU$SSOHGHYLFHV)RUWKHZHELQWHUIDFHDQG
WKHEDFNHQGV\VWHPDQXPEHURIGLIIHUHQWODQJXDJHVDQGLQWHUIDFHVZHUHXVHGVXFKDV'MDQJR3\WKRQ3+3DQG
DSSURSULDWH$SSOLFDWLRQ3URJUDP,QWHUIDFHV$3,VIRUHDFKSODWIRUP
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4.2 Front-end system – the mobile apps 
0RELOHDSSVZHUHGHYHORSHGIRUWZRSODWIRUPVDVSDUWRIWKH7$06IURQWHQGV\VWHP-DYDZDVXVHGWRGHYHORS
WKHDSSIRU$QGURLGGHYLFHVDQG6ZLIWZKLFKLV$SSOH¶VRZQRSHQVRXUFHSURJUDPPLQJODQJXDJHZDVXVHGWRGHYHORS
WKHL26DSS7KHDSSVLQWHUIDFHSUHVHQWVDQLQWXLWLYHYLVXDOGLVSOD\ZLWK*RRJOH0DSVLQWKHEDFNJURXQGDVVKRZQLQ
)LJXUHWRSURYLGHORFDWLRQLQIRUPDWLRQWRWKHXVHUDQGHDVHRIQDYLJDWLRQWRVSHFLILFORFDWLRQVLQWKHILHOG


)LJXUH7$06YLVXDOLQWHUIDFHIRUOHIW$QGURLGDQGULJKWL26SODWIRUPV
6SHFLILFWDVNVWKDWFDQEHSHUIRUPHGRQWKHDSSVFUHHQLQERWKSODWIRUPVDUHOLVWHGDVIROORZV
x /RJLQDXWKHQWLFDWLRQLQWHUIDFHWKURXJKZKLFKRQO\UHJLVWHUHGXVHUVFDQDFFHVVWKHDSSOLFDWLRQ
x &XUUHQWORFDWLRQEXWWRQWRJHWWRWKHFXUUHQWORFDWLRQRIWKHGHYLFHRQWKHPDSLQWHUIDFHXVLQJ*36
x 'LVSOD\VSRLQWSRO\OLQHDQGSRO\JRQDVVHWVFROOHFWHGRUXSORDGHGWRWKHDSSRQWKHPDSLQWHUIDFH
x )LOWHUIXQFWLRQWRILOWHUVSHFLILFDVVHWVRQWKHPDS
x 7DEWRHQWHUWKH$VVHW/LVWLQWHUIDFHZKLFKSURYLGHVDOLVWHGYLHZRIWKHDVVHWVFROOHFWHGRUXSORDGHGWRWKHDSS
)LJXUH
x 7KH$VVHW/LVWLQWHUIDFHFRQWDLQVWZREXWWRQV$GGDQG(GLWSURYLGLQJWKHIXQFWLRQDOLW\WRDGGDQHZDVVHWPRGLI\
DQH[LVWLQJRQH
x 7KH$GG(GLWLQWHUIDFHSURYLGHVDGGLWLRQDOIXQFWLRQVDQGQHFHVVDU\FRPSRQHQWVWRFRPSRVHWKHDVVHWORFDWLRQDQG
DWWULEXWHVVXFKDVQDPHGHVFULSWLRQSKRWRJUDSKVWH[WDQGDXGLRQRWHV)LJXUH

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
)LJXUHOHIW$VVHW/LVWLQWHUIDFHVKRZLQJYDULRXVWUDQVSRUWDWLRQDVVHWVULJKW$VVHWDWWULEXWHVDGGHGLWLQWHUIDFH
8VLQJWKHDSSVXVHUVFDQLGHQWLI\QHZWUDQVSRUWDWLRQDVVHWIHDWXUHVLQWKHILHOGDQGFKRRVHWRFODVVLI\WKHPDVSRLQWV
SRO\OLQHVRUSRO\JRQVHJXVHUVFDQFKRRVHWRFROOHFWWKHORFDWLRQRIEULGJHVRQURDGVDVDSRLQWRUDOLQHIHDWXUH
)XUWKHUPRUHXVHUVFDQXSORDGDQH[LVWLQJGDWDEDVHRIWUDQVSRUWDWLRQDVVHWVDQGGLVSOD\WKHPRQWKHPDSWRHGLWRUXVH
DVUHIHUHQFHGXULQJWKHGDWDFROOHFWLRQSURFHVV7KHPRELOHDSSSURYLGHVWKHFDSDELOLW\WRFROOHFWDGGLWLRQDODWWULEXWH
LQIRUPDWLRQDVGHVFULEHGDERYHZKLFKFDQEHPRGLILHGDQGWDLORUHGWRWKHQHHGVRIVSHFLILFGDWDFROOHFWLRQDFWLYLWLHV
4.3 Back-end system 
7KH EDFNHQG V\VWHP RI 7$06 ZDV GHYHORSHG ZLWK WZR SULPDU\ IXQFWLRQV LQ PLQG  7KH ILUVW ZDV DFFRXQW
PDQDJHPHQWWRDOORZIRUPDQDJHUVWRFUHDWHDQGPDQDJHPXOWLSOHXVHUDFFRXQWVWRHQVXUHVHFXULW\DQGWUDFNLQJRI
GDWDFROOHFWLRQHIIRUWV 7KHVHFRQGIXQFWLRQZDVWRSURYLGHWKHFDSDELOLW\WRV\QFKURQL]HGDWDIURPPXOWLSOHXVHUV
FROOHFWLQJGDWDLQWKHILHOG$GGLWLRQDOO\WKHZHEDSSFDQEHXVHGWRXSORDGDQH[LVWLQJWUDQVSRUWDWLRQDVVHWGDWDVHW
IRUHGLWLQJDQGXSGDWLQJLQWKHILHOG)LJXUHVKRZVDQH[DPSOHRIWKH7$06EDFNHQGV\VWHP7KHEDFNHQGV\VWHP
FDQEHXVHGWRH[SRUWGDWDLQWRPXOWLSOHIRUPDWV.0/VKDSHILOHV;0/-621([FHO&697;7WREHXVHGRXWVLGH
RI7$06
)LJXUHSUHVHQWVDQRYHUYLHZRI WKHGDWDEDVHVFKHPDGHYHORSHGIRU WKH7$06EDFNHQGV\VWHPGHSLFWLQJ WKH
HQWLWLHVDQGUHODWLRQVKLSVGHVFULEHGE\WKHGDWD7KHHQWLWLHVGHSLFWHGDUHDVVHWVJHRJUDSKLFORFDWLRQVPHGLDXVHUV
DQGDWWULEXWHV7KHUHODWLRQVKLSVDUHUHSUHVHQWHGE\WKH$VVHWV&ODVVDQGWKH$VVHWUHODWHGWDEOHV)LJXUH
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

)LJXUH7$06EDFNHQGV\VWHPZHEDSSLQWHUIDFH

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
)LJXUH7$06'DWDEDVH6FKHPD(QWLW\5HODWLRQVKLS'LDJUDP

7KH 7$06 ZHE DSS ZDV LPSOHPHQWHG LQ 'MDQJR D 3\WKRQ )UDPHZRUN  'MDQJR DOORZHG IRU D FRPPRQ
SURJUDPPLQJGHVLJQSDWWHUQFDOOHGWKH0RGHO9LHZ&RQWUROOHU09&ZKLFKSURYLGHVIRUHDVHRIPDLQWHQDQFHE\
PXOWLSOHGHYHORSHUVIRUIXWXUHPRGLILFDWLRQVDQGDOWHUQDWLRQV
'LVFXVVLRQDQGFRQFOXVLRQV
'DWD FROOHFWHG ZLWK 7$06 FDQ EH UHDGLO\ XVHG LQ D *HRJUDSKLFDO ,QIRUPDWLRQ 6\VWHP *,6 HQYLURQPHQW WR
OHYHUDJHORFDWLRQDQGDWWULEXWHLQIRUPDWLRQ,QDGGLWLRQWRQHZGDWDFROOHFWLRQWKHDSSFDQDOVREHXVHGLQFRQMXQFWLRQ
ZLWKH[LVWLQJWUDQVSRUWDWLRQDVVHWGDWDZKLFKFDQEHSUHORDGHGWRWKHDSSDQGHGLWHGRUXSGDWHGLQWKHILHOGSURYLGLQJ
HDVHRIPDQDJHPHQWDQGFRVWHIIHFWLYHVROXWLRQV7KHEDFNHQGV\VWHPDOORZVIRUDVHFXUHPHWKRGRIPDQDJLQJDQG
WUDFNLQJGDWDFROOHFWLRQHIIRUWVZKLFKLVFULWLFDOWRPDLQWDLQLQJWKHTXDOLW\DQGDFFXUDF\RIGDWDFROOHFWLRQ
7KHGHYHORSPHQWRI7$06ZDVIROORZHGE\DQH[WHQVLYHVHWRIWHVWVWRHVWDEOLVKWKHVWDELOLW\RIWKHV\VWHP$
PDMRUFKDOOHQJHGXULQJWKHGHYHORSPHQWZDVFRPSDWLELOLW\EHWZHHQPXOWLSOHSODWIRUPVZKLFKLVFRQWLQXDOO\EHLQJ
WHVWHG $ OLPLWDWLRQRI7$06 LV WKHDFFXUDF\RI WKH*36RQ WKHPRELOHGHYLFHEHLQJXVHGZKLFKFDQDIIHFW WKH
DFFXUDF\RIWKHVSDWLDOGDWDEHLQJFROOHFWHG7KLVLVDQDUHDIRUIXWXUHGHYHORSPHQWZLWKWKHDLPWRSURYLGHXVHUVZLWK
VRPHOHYHORILQIRUPDWLRQRQWKHDFFXUDF\RIVSHFLILFGHYLFHVLQRUGHUWRSRWHQWLDOO\FRPSHQVDWHIRUDQ\HUURUV
1186   Ghazan Khan et al. /  Procedia Engineering  161 ( 2016 )  1180 – 1186 
5HIHUHQFHV
>@)HGHUDO+LJKZD\$GPLQLVWUDWLRQ)+:$86'HSDUWPHQWRI7UDQVSRUWDWLRQ0$30RYLQJ$KHDGIRU3URJUHVVLQWKHVW&HQWXU\
KWWSVZZZIKZDGRWJRYPDS
>@%HKIRURR]$DQG+XGVRQ)-6RIWZDUH(QJLQHHULQJ)XQGDPHQWDOV2[IRUG8QLYHUVLW\3UHVV
>@%RRFK*5XPEDXJK-DQG-DFREVRQ,7KH8QLILHG0RGHOLQJ/DQJXDJH8VHU*XLGH$GGLVRQ:HVOH\
>@5XEOH$3UDFWLFDO$QDO\VLVDQG'HVLJQIRU&OLHQW6HUYHUDQG*8,6\VWHPV3UHQWLFH+DOO375
>@6FKQHLGHU*DQG:LQWHUV-3$SSO\LQJ8VH&DVHV$3UDFWLFDO*XLGH$GGLVRQ:HVOH\
>@&ROOLHU.:$JLOH$QDO\WLFV$9DOXH'ULYHQ$SSURDFKWR%XVLQHVV,QWHOOLJHQFHDQG'DWD:DUHKRXVLQJ3HDUVRQ(GXFDWLRQSS
